Abstract. In this paper, a new algorithm for subcarrier and power allocation for the downlink of multiuser OFDM transmission is presented. The proposed algorithm is more stable and it offers a lower complexity and better performance than previous existing algorithms.
Introduction
The main difficult in achieving high data rates on the wireless channel is known to be the time dispersive charateristic of channels due to the existence of multiple paths, which have different time delays and attenuations. Due to its high spectrum efficien y and high ability to combat multipath fading problems, Orthogonal Frequency Division Multiplexing (OFDM) modulation is considered a promising technique for achieving the high bit rates required for wireless multimedia services over the time dispersive multipath channel. Multicarrier modulation systems such as OFDM can assign different modulation sizes to each subcarrier according to the signal to noise ratio (SNR) on that subcarrier [1] , a scheme known as bit loading.
Adaptive bit-loading can be used to improve the performance of multicarrier systems by allocating more bits per symbol in subcarriers with higher signal to noise ratio. In this way, different bits and power can be allocated to each subcarrier depending on channel quality.
Several different optimization techniques have been proposed in multiuser OFDM literature for adaptive modulation. They can be classifie in two types: Margin Adaptive (MA) [2] [3] [4] [5] and Rate Adaptive (RA) [6, 7] . The margin adaptive objective is to achieve the minimum overall transmit power given the constraints on the users data rate and Bit Error Rate (BER). The rate adaptive objective is to maximize each user data rate with a total transmit power constraint. Wong et al. proposed an iterative searching algoithm [2] known as multiuser adaptive OFDM, which applies Lagrangian relaxation to solve the MA optimization. They have also formulated the optimization problem of combined subcarrier, bit and power allocation and obtained a tight lower bound of overall transmit power. It is a computaionally extensive algorithm, requiring a large number of iterations to converge, due to he nature of its nonlinear optimization algorithm.
In [3] , the nonlinear optimisation problems were transformed into a linear optimization problem with integer variables. The optimal solution can be achieved by integer programming. However, by using integer programming, the complexity increases exponentially with the number of constraints and variables. Didem Kivanc and Hui Liu [4] proposed the famous Graving Greedy subcarrier and power allocation algorithm. The algorithm was separated into two stages: In the firs step, the number of subcarriers that each user will get is determined based on the users' average signal-to-noise ratio (BABS algorithm). In the second stage of the algorithm, it find the best assignment of subcarriers to users. Two different approaches are presented, the Rate-Craving Greedy (RCG) algorithm begins with an estimate of the users' transmission rate on each channel and aims to maximize the total transmission rate and the Amplitude-Craving Greedy (ACG) algorithm is a modificatio of RCG which achieves comparable performance at reduced computational complexity. In [5] , after analysis of the ACG algorithm, Li proposed a modifie ACG algorithm to further improve the system performance.
In this paper, a margin adaptive optimization is proposed for multiuser downlink OFDM transmission. Knowing the channel characteristics of all the users at the base station, the subcarrier allocation algorithm assigns subcarriers to the users in a way that the total transmit power is minimized. The proposed subcarrier and power allocation algorithm offers a low complexity and better performance than the other existing algorithms.
The paper is organized as follows. Next section describes the system model and define the parameters that are going to be used throughout the paper. In Section 3, the proposed algorithm is explained and in Section 4 the performance obtained from simulation results is presented and the complexity is analyzed. Finally some conclusions are drawn.
System Description
We consider an OFDM system with K users where the total available bandwidth is divided in N orthogonal subcarriers and each transmitter can use the number of subcarriers that are required to satisfy the bit rate needs of its current application. The data are modulated on subcarriers by an IFFT operation. The intersymbol interference can be practically avoided by introducing a guard interval (cyclic prefix between consecutive OFDM symbols. If this guard interval is longer than the maximum delay spread of the channel, the equalizer is very simple at the receiver side.
Let H k,n denotes the value of channel frequency response, E k,n the transmission energy and b k,n the transmission rate for user k on subcarrier n.
By taking:
We can write:
where σ 2 k,n is the variance of the additive white Guassian noise in each subcarrier n for each user k, and the gap k , corresponding to the target Bit Error Rate of user k, measures the SNR loss of the actual system with respect to capacity due to the modulation [8] .
The goal of the subcarrier and power allocation algorithm is then to fin the best assignment of b k,n so that the overall transmit Energy, the sum of E k,n over all subcarriers and all users, is minimized for given transmission rates of the users. This restriction applied to the total energy is motivated by the fact that the base station transmits the signals of all users simultaneously in the downlink.
Let us denote S k ⊂ {1, 2, . . ., N} the set of subcarriers for user k. Therefore the problem can be formulated as follows:
where R k represents the bit rate required by user k. The constraint of S i ∩ S j = φ, ∀i = j is an FDMA (Frequency Division Multiple Access) restriction in order to ease implementation, i.e. each subcarrier can only be occupied by one user and only one.
Bit Allocation Algorithm
In order to solve this problem the Energy Minimization Algorithm (EMA) in [9] for single user has been taken as a start and it has been modifie and extended for the multiuser scenario. Let us recall the algorithm in [9] : Inputs: Channel gains G n , total number of subcarriers N, BER per user Outputs: Energy E n and rate b n 1. Sort G n in descending order and set N * = N 2. Calculate:
The proposed approach is described as follows:
1. The number of subcarriers allocated to each user is N k = round (N/K) 2. We calculate the quantity Q k = N i=1 G k,i for each user. 3. We apply the EMA for each user on starting with the user that has the minimum Q k and we denote N * = N k .
The proposed algorithm is a follows:
Inputs: Channel gains G k,n , total number of subcarriers N, BER per user, bit rate per user R k Outputs: Energy E k,n , subcarrier allocation S k and rate b k,n
The number of subcarriers allocated to each user
N k = round (N/K) 2. S free ← {1, 2, . . . , N }, N free = #S free 3. Calculate: Q k = N i=1 G k,i for k = 1. . ., K 4. Sort users in ascending order such as Q 1 < Q 2 < · · · < Q K 5. for each user k = 1:K (a) Sort subchannels: G k,S free(1) > · · · > G k,S free(N free ) (b) Set N * = N k (c) K E = 2 [R k − N * i=1 log 2 ( G k,S free(i) )]/N * (d) E k,i = K E − G k,S free(i) , i = 1, . . . , N * (e) while (E k,N * < 0), N * ← N * − 1, go to (c) (f) S k ← S free (1 : N * ), N k = N * k (g) S free ← S free (N * + 1 : N free ), N free = #S free (h) for i = 1:N * • b k,i = round log 2 1 + E k,i G k,S k (i) • E k,i = (2 b k,i −1 ) /G k,S k (i) • E k,i = E k,i (b k,i + 1) − E k,i (b k,i ) (i) end for i
end for j
Where #S free denotes the cardinality of set S free Given the initial subcarrier allocation, the following algorithm optimizes the bit allocation by using the B-tighten algorithm [10] : 
Simulation Results
In this section, several results obtained by using the proposed algorithm will be presented. Simulation results are divided in two parts. First one analyzes performance and the second one shows the complexity.
PERFORMANCE ANALYSIS
Without loss of generality, we can assume that the gap k is equal for all users, then k = . The following parameters have been used for the simulations: the required BER P e = 10 −4 , the power of additive white Gaussian noise is equal to 1 watt, the overall bandwith is 20 MHz, the number of subcarriers N = 128. Two typical WLAN channel models have been used for simulations, namely Hiperlan A and B, A corresponding to a typical offic environment with 50 ns rms delay spread and B modeling an open NLOS (Non-Line-of-Sight) environment or a large offic with 100 ns rms delay spread [11] . 100 different and independently generated channels have been simulated and the mean has been taken for results. We evaluate the performance of the proposed algorithm in comparison with BABS-RCG, BABS-ACG algorithms [4] , improved BABS-ACG [5] and algorithm in [3] . Figures 1 and 2 show the total transmit power for different number of users and channel models A and B respectively when K k=1 R k = 512 and R 1 = R 2 = · · · = R K . Due to the fact that channel responses are different among users in different locations (multiuser diversity), the total transmit power decreased as the number of users increased.
As shown in Figures 1 and 2 the proposed algorithm performs better than the other algorithms as the number of users increase (number of users higher than 7 for model A and 9 for model B).
From Figures 3 and 4 , we observe that the proposed algorithm performs better than all algorithms when K k=1 R k = 1024. This means that the higher the bit rate requirements of the users sharing the communication system the better the proposed algorithm performs with respect to previous ones. Moreover, the proposed algorithm is more stable than BABS-RCG, BABS-ACG and Improved BABS-ACG. This is an important characteristic: the entrance of a new user or departure of an existing one must imply a soft change in the situation in order to make the system design tractable.
C O M P L EX I T Y ANALYSIS
The complexity will be measured in terms of the number of iterations needed to implement our algorithm and algorithms introduced above. The comparison is presented in Figure 5 . It can be observed that our algorithm needs a lower number of iterations than the others. 
Conclusion
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